
\ and construct! 

modifications 
art . 


Ions shown and described, since, various other 
may occuA to those with ordinary skill in the 


IN THE Claims : 


1 
2 



9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


10. (Twice Amended) DC to DC switching circuit for 
controlling power Iswitching devices in a DC to DC converter 
having first and second converter circuits operating into a 
common load comprising: 

a first pulse L^idth modulator controlling the power 
switching devices oi the first - converter circuit; 

a second pulse Iwidth modulator controlling the power 
switching devices of|the second converter circuit; 

a feedback circujit responsive to the voltage across the 
common load; 

control circuits tor controlling the first and second pulse 


width modulators responsive to the feedback circuit, the 


operation of the first and second pulse width modulators being 
interleaved; 

the control circuits\\ also being responsive to the difference 
in currents [current] through the first converter and the second 
converter to adjust the relative duty cycle of the first and 
second converters to tend tip minimize the difference in the 
voltage across a sense resistor; 
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20 


the first pulse v\ 


A21 modulator, the feedbac 

lb ^ 


idth modulator, the second pulse width 
k circuit and the control circuits being in 
22 a single integrated cihrcuit . 


22. (Three Times Amended) A DC to DC converter having a 
plurality of conL^erter circuits for operating into a common load, 
comprising : 

a pluralitylof buck converter circuits operating into the 
common load, each buck converter circuit having an inductor for 
alternately conducting between the first [and second] power 


supply terminal ai|d the common load, [terminals,] and the second 

8 power supply terminal and the common load; 

9 a plurality on pulse width modulators driven by a common 

10 oscillator in an interleaved manner, each pulse width modulator 

11 controlling one of dhe plurality of buck converter circuits, 

12 whereby the operatic^ of the buck converter circuits is 

13 interleaved; 

14 a feedback circuit responsive to a voltage across the common 

15 load [output] ; 

16 a voltage control \circuit controlling the plurality of pulse 

17 width modulators responsive to the feedback circuit and a 

18 commanded output voltageV and 


19 a current balance ccmtrol circuit responsive to the 

20 difference in currents [current] in the plurality of interleaved 

21 buck converter circuits anM controlling the pulse width 
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modulators to balance the currents [current] in the plurality of 
interleaved buck converter circuits; 

the plurality of pulse width modulators and the control 
circuits being in a sir^le integrated circuit. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


1 


32. (Three Tiities Amended) A DC to DC converter having a 
plurality of convert er circuits operating into a common load, 
comprising : 

a plurality of buck converter circuits operating into the 
common load, each bi ck converter circuit having an inductor for 
alternately conductipg between the first [and second] power 
supply terminal and |:he common load, [terminals,] and the second 
power supply terminal and the common load; 

a plurality of piilse width modulators each controlling one 
of the plurality of buck converter circuits, the operation of the 
pulse width modulators\ and the buck converter circuits being 
interleaved; 

a feedback circuit\ responsive to a voltage across the common 

load; 

control circuits responsive to the feedback circuit and a 
commanded output voltage to control a nominal duty cycle of the 
plurality of buck converter circuits, the control circuits also 
being responsive to the difference in currents [current] in the 
plurality of interleaved bilck converter circuits to adjust [a] 
relative duty cycles [cyclefl of the plurality of buck converter 
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21 circuits to balance \the currents [current] in the buck converter 
circuits ; 



the plurality ofl pulse width modulators and the control 
24 circuits being in a single integrated circuit . 



45. (Three Tintes Amended) A DC to DC converter having a 
plurality of converter circuits operating into a common load, 
comprising : 

a plurality of blick converter circuits operating into the 
common load, each buck converter circuit having an inductor for 
alternately conducting* between the first [and second] power 
supply terminal and th^ common load, [terminals,] and the second 
'8 power supply terminal aVid the common load; 

\ 

9 a plurality of pulse width modulators each controlling one 

10 of the plurality of buck* converter circuits, the operation of the 

11 pulse width modulators being interleaved; 

12 control circuits f 03^adjusting a nominal duty cycle of the 

13 plurality of interleaved buck converter circuits, the control 

14 circuits also being resporlsive to the difference in currents 

15 [current] in the pluralitylof interleaved buck converter circuits 

16 to adjust the relative duty\ cycles [cycle] of the plurality of 

17 buck converter circuits to li^alance the currents [current] 

18 therein; 

19 the plurality of pulse Wiidth modulators and the control 

20 circuits being in a single integrated circuit. 
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46. (Twice AmenSed) A DC to DC converter having first and 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


second converter cirq 
comprising : 

first and second 


lits operating into a common load, 

buck converter circuits operating into the 
converter circuit having an inductor for 


common load, each '^^^m 

alternately conducting between the first [and second] power 

I 

5^7 supply terminal and thp common load, [terminals,] and the second 


I 

8 power supply terminal and the common load; 


a first pulse width modulator controlling the first buck 
converter circuit ; 

a second pulse widdh modulator controlling the second buck 
converter circuit; 

a feedback circuit r^esponsive to the voltage across the 
common load; 

control circuits f orllcontrolling the first and second pulse 
width modulators responsiv^ to the feedback circuit; 

the control circuits also being responsive to current 

I 

measurements in the first Buck converter circuit and the second 
buck converter circuit for ^adjusting the relative duty cycle of 
the first and second pulse width modulators to balance the 
currents in the buck converter circuits; 

the first pulse width modulator, the second pulse width 
modulator, the feedback circjait and the control circuits being in 
a single integrated circuit 
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1 47. (Twice Amended) A DC to DC converter having a 

2 plurality of converter circuits operating into a common load, 

3 comprising: \ 

4 a plurality of buck converter circuits operating into the 

5 common load, each buck converter circuit having an inductor for 
alternately conducting^ between the first [and second] power 
supply terminal and thei common load, [terminals,] and the second 
power supply terminal Jhd the common load; 


a plurality of pulse width modulators driven by a common 

I 

10 oscillator in an interleaved manner, each pulse width modulator 

\\ 

11 controlling one of the plurality of buck converter circuits, 


12 whereby the operation of |the buck converter circuits is 

13 interleaved; 

14 a feedback circuit responsive to a voltage across the common 

15 load; 


16 a voltage control circuit for controlling the plurality of 

17 pulse width modulators res3|)nsive to the feedback circuit and a 

18 commanded output voltage; ai^d 

19 a current balance control circuit responsive to the 

20 difference in currents [current] in the plurality of interleaved 

21 buck converter circuits for cpntrolling the pulse width 

22 modulators to balance the currents [current] in the plurality of 

23 interleaved buck converter cirpuits; 
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the plurality of 


[pulse width modulators, the feedback 


2 5 circuit, the voltage cpntrol circuit and the current balance 


2 6 control circuit being iLn a single integrated circuit. 


-3 

\ 


7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


48. (Twice Amend^) A DC to DC converter having a 
plurality of converter circuits operating into a common load, 
comprising : 

a plurality .of buckl converter circuits operating into the 

I' 

common load, each buck converter circuit having an inductor for 
alternately conducting between the first [and second] power 
supply terminal and the common load, [terminals,] and the second 


power supply terminal and 
a plurality of pulse 


the common load; 

width modulators each controlling power 


switching devices of one of the plurality of interleaved buck 
converter circuits, the operation of the pulse width modulators 
and the buck converter circuits being interleaved; 


a feedback circuit responsive to a voltage across the common 


load; 

control circuits responsive to the feedback circuit and a 

\ 

commanded output voltage to control a nominal duty cycle of the 
plurality of buck converter circuits, the control circuits also 
being responsive to the difference in currents [current] in the 
plurality of interleaved buck tconverter circuits to adjust the 
relative duty cycles [cycle] o!f the plurality of buck converter 
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21 circuits to balance the currents [current] in the buck converter 


22 
23 
24 
25 

1 
2 

■4 


6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


circuits_^ 

the plurality of 


circuit and the contro 


>ulse width modulators; the feedback 


circuits being in a single integrated 


circuit . 

49. (Twice Amended) A DC to DC converter having a 
plurality of converter | circuits operating into a common load, 
comprising : 

a plurality of buck converter circuits operating into the 
common load, each buck converter circuit having an inductor for 
alternately conducting between the first [and second] power 

Icommon load, [terminals,] and the second 


supply terminal and the 


power supply terminal and the common load; 

a plurality of pulse width modulators each controlling one 
of the plurality of bucklconverter circuits, the pulse width 
modulators being driven by a common oscillator signal so that the 


operation of the pulse width modulators is interleaved; 

control circuits for| adjusting a nominal duty cycle of the 
plurality of interleaved buck converter circuits to control a 

1 

voltage on the common "'"*^^*^| responding to the difference 

in currents [current] in the plurality of interleaved buck 
converter circuits to adjus^: the relative duty cycles [cycle] of 
the plurality of buck converter circuits to balance the currents 


[current] in the buck conver\ter circuits; 
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2 0 the plurality of pulse width modulators and the control 

21 circuits being in a singlg integrated circuit. 


1 

2 


7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


50. (Twice Amended) 
second converter circuits 


A DC to DC converter having first and 
operating into a common load. 


comprising : 

first and second buck converter circuits operating into the 
common load, each buck converter circuit having an inductor for 
alternately conducting between the first [and second] power 
supply terminal and the cpmmon load, [terminals,] and the second 


power supply terminal and | the common load; 

a first pulse width modulator controlling the first buck 
converter circuit; 

a second pulse width modulator controlling the second buck 
converter circuit ; 

a feedback circuit re 
common load; 

control circuits for 


sponsive to the voltage across the 


controlling the first and second pulse 

width modulators responsive to the feedback circuit; 

I 

the control circuits also being responsive to current 
measurements through the first buck converter circuit and the 
second buck converter circlit to adjust the relative duty cycle 
of the first and second bulk converter circuits; 
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21 the first pulse widtm modulator, the second pulse width 

22 modulator and the control| circuits being in a single integrated 

23 circuit . 

1 51. (Twice AmendedJ A DC to DC converter comprising; 

2 a plurality of buckl converter circuits operating into the 


3 


3 common load, each buck converter circuit having an inductor for 

I 

alternately conducting between the first [and second] power 
on ^ I 

Nb supply terminal and the gommon load, [terminals,] and the second 

6 power supply terminal and the common load; 

7 a plurality of pulsJ width modulators driven by a common 

8 oscillator in an interleajved manner, each pulse width modulator 

9 controlling one of the pljirality of buck converter circuits, 

10 whereby the operation of the buck converter circuits is 

11 interleaved; 

12 a feedback circuit responsive to a voltage on the common 

13 output; 

14 a voltage control cirfcuit for controlling the plurality of 


15 pulse width modulators responsive to the feedback circuit and a 

I 

16 commanded output voltage; and 

17 a current balance contlrol circuit for controlling the pulse 

18 width modulators responsive! to a difference in currents [current] 

19 in the inductors of the plurality of interleaved buck converter 

20 circuits to balance the cur3gents [current] in the plurairty of 

21 interleaved buck converter cjLrcuits; 
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22 the plurality off pulse width modulators and the control 

23 circuits being in a single integrated circuit. 

1 52 , (Twice Amended) A DC to DC converter having a 

2 plurality of converter\circuits operating into a common load, 

3 comprising : 


4 


4 a plurality of buck converter circuits operating into the 

common load, each buck €:onverter circuit having an inductor for 

1 

6 alternately conducting Between the first [and second] power 

7 supply terminal and the Rcommon load, [terminals,] and the second 

8 power supply terminal and the common load; 

9 a plurality of pulse width modulators each controlling power 

10 switching devices of oneiof the plurality of buck converter 

11 circuits, the operation ©f the pulse width modulators and the 

12 buck converter circuits Jeing interleaved; 


13 a feedback circuit r^psponsive to a voltage across the common 

14 load; 

15 control circuits being responsive to the feedback circuit 

f 

16 and a commanded output voltage to control a nominal duty cycle of 

17 the plurality of buck converter circuits, the control circuits 


18 also being responsive to the difference in currents in the 

I 

19 plurality of interleaved buek converter circuits to adjust the 

20 relative duty cycles [cycle]|of the plurality of buck converter 

21 circuits to balance the currents [current] in the buck converter 

22 circuits; 
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23 the plurality of pu 

24 circuits being in a sing! 


53. (Twice Amended) 


se width modulators and the control 


e integrated circuit. 


A DC to DC converter having first and 


2 second converter circuits] operating into a common load, 

3 comprising : 

first and second buck converter circuits operating into the 

I 

common load, each buck coiaverter circuit having an inductor for 


6 alternately conducting betlween the first [and second] power 

I 

7 supply terminal and the cojnmon load, [terminals,] and the second 


8 power supply terminal and fthe common load; 

9 a first pulse width modulator controlling the first buck 

10 converter circuit; 

11 a second pulse width modulator controlling the second buck 

12 converter circuit; 

13 a feedback circuit responsive to the voltage across the 

14 common load; 

15 control circuits for controlling the first and second pulse 

I 

16 width modulators responsive to the feedback circuit; 

17 the control circuits alsp being responsive to current 

18 measurements in the first buck converter circuit and the second 

19 buck converter circuit to adjust the relative duty cycle of the 
2 0 first and second buck converter circuits; 


V 
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21 the first pulse width modulator, the second pulse width 

22 modulator, the feedbatlk circuit and the control circuits being in 

23 a single integrated ci>rcuit. 

1 54. (Twice Amended) A DC to DC converter having a 

2 plurality of converter |circuits operating into a common load, 
comprising: 

a plurality of buck converter circuits operating into the 

I 

5 . common load, each buck converter circuit having an inductor for 

I 

6 alternately conducting between the first [and second] power 

I 

7 supply terminal and the common load, [terminals,] and the second 


8 power supply terminal ancE the common load; 

i 

9 a plurality of pulse width modulators driven by a common 

I 

10 oscillator in an interleaved manner, each pulse width modulator 

)> \ 

11 controlling one of the pl\iirality of buck converter circuits. 


12 whereby the operation of tihe buck converter circuits is 

13 interleaved; 

14 a feedback circuit responsive to a voltage across the common 

15 load; 

16 a voltage control circuit for controlling the plurality of 

I 

17 pulse width modulators responsive to the feedback circuit and a 

18 commanded output voltage; aiad 

I 

19 a current balance contisol circuit for controlling the pulse 

20 width modulators to balance [the currents [current] in the 

21 plurality of interleaved buck converter circuits responsive to 


Atty Docket No. 055123. P086R -57- RWB/jc 

App. No. 09/781,120 Filed February 8, 2001 


22 
23 
24 
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26 


the difference in cuarents [current] in the plurality of 
interleaved buck conA^rter circuits; 


5 
6 
7 
8 

^ 9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


the plurality of 


pulse width modulators, the voltage control 


circuit and the current balance control circuit being in a single 


integrated circuit 


55. (Twice Amen(|ed) A DC to DC converter having a 
plurality of converter circuits operating into a common load, 
comprising : 

a plurality of bufck converter circuits operating into the 

common load, each buckUconverter circuit having an inductor for 

alternately conducting fbetween the first [and second] power 

supply terminal and the| common load, [terminals,] and the second 

I 

power supply terminal and the common load; 

I 

a plurality of pulse width modulators each controlling power 
switching devices of one^f the plurality of interleaved buck 
converter circuits, the operation of the pulse width modulators 
and the buck converter cir|:uits being interleaved; 

a feedback circuit responsive to a voltage across the common 

load; 

control circuits responsive to the feedback circuit and a 
commanded output voltage tolcontrol a nominal duty cycle of the 
plurality of buck converter Icircuits, the control circuits also 
adjusting [a] relative duty gycles [cycle] of the plurality of 
buck converter circuits to balance the currents [current] in the 
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20 buck converter circuits responsive to the difference in currents 

21 [current] in the pluralp-ty of interleaved buck converter 

22 circuits_^ 

23 the plurality of pjlse width modulators and the control 

24 circuits being in a single integrated circuit 


2 


1 56. (Twice Amended) A DC to DC converter having a 

2 plurality of converter ckrcuits operating into a common load, 
comprising : 

4 a plurality of buck ^converter circuits operating into the 

5 common load, each buck converter circuit having an inductor for 


6 alternately conducting between the first [and second] power 

7 supply terminal and the cotjrimon load, [terminals,] and the second 


8 power supply terminal and the common load; 


9 a plurality of pulse w;idth modulators each controlling one 

10 of the plurality of buck converter circuits, the pulse width 


11 modulators being driven by a common oscillator signal so that the 

12 operation of the pulse widtl:^ modulators is interleaved; 

13 control circuits for adjusting a nominal duty cycle of the 


14 plurality of interleaved bucH converter circuits to control a 

15 voltage on the common load, arid for adjusting [a] relative duty 

\ 

16 cycles [cycle] of the plurality of buck converter circuits to 

17 balance the currents [current]! in the buck converter circuit s_^ 

18 the plurality of pulse wiqth modulators and the control 

19 circuits being in a single integrated circuit. 
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57. (Twice Amerded) A DC to DC converter having first and 


10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


second buck converter 
comprising : 

first and second 
common load, each buc 


circuits operating into a common load, 

buck converter circuits operating into the 
i converter circuit having an inductor for 


alternately conducting between the first [and second] power 
iinal and tJe 


7 supply termina! 


i'e common load, [terminals,] and the second 


power supply terminal land the common load; 

a first pulse widjth modulator controlling the first buck 
converter circuit; | 

a second pulse width modulator controlling the second buck 
converter circuit ; 

a feedback circuit| responsive to the voltage across the 
common load; 

control circuits for controlling the first and second pulse 


width modulators responsive to the feedback circuit; 

\ 

the control circuits; also being responsive to current 
measurements in the firstlbuck converter circuit and the second 
buck converter circuit to|adjust the relative duty cycle of the 
first and second pulse widtph modulators to balance the currents 
in the buck converter circuits; 

— \ " 

the first pulse width modulator, the second pulse width 


modulator and the control c^ycuits being in a single integrated 
circuit . 
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58. (Amended) [A. DC to DC converter having a plurality of 
converter circuits for operating into a common load, comprising: 

a plurality of Buck converter circuits operating into the 
common load, each buck converter circuit having an inductor for 
alternately conducting between the first [and second] power 
supply terminal and t^e common load, [terminals,] and the second 
power supply terminal land the common load; 

a plurality of pulse width modulators driven by a common 

I 

oscillator in an interleaved manner, each pulse width modulator 
controlling one of the plurality of buck converter circuits, 
whereby the operation of the buck converter circuits is 
interleaved; 

a feedback circuit responsive to a voltage across the common 
output ; 

a voltage control circuit controlling the plurality of pulse 
width modulators responsiv^e to the feedback circuit and a 
commanded output voltage; 

the plurality of puls^ width modulators and the control 

1 

circuits being in a single fintegrated circuit. 



60. (Amended) A DC toi DC converter having a plurality of 
converter circuits operating! into a common load, comprising: 

a plurality of buck conA^erter circuits operating into the 
common load, each buck converter circuit having an inductor for 
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m 


power supply terminal; 
a plurality of 


alternately conducting between the first [and second] power 
supply terminal and the common load, [terminals,] and the second 


3 


and the common load; 
ulse width modulators each controlling one 


of the plurality of buck converter circuits, the operation of the 
pulse width modulatorjs and the bucl^ converter circuits being 
interleaved; 

a feedback circuit responsive to a voltage across the common 

load; 

control circuits responsive to the feedback circuit and a 

I 

commanded output voltage to control a nominal duty cycle of the 

\ 

plurality of buck converter circuits; 

the plurality of pulse width modulators and the control 

1 

circuits being in a singile integrated circuit. 


62. (Amended) A DS to DC converter comprising: 


first and second buck converter circuits' operating into a 

I 

common load, each buck converter circuit having an inductor for 
alternately conducting between the first [and second] power 
supply terminal and the common load, [terminals,] and the second 

\ 

power supply terminal and She common load; 

first and second pulselwidth modulators driven by a common 
oscillator in an interleaved manner, each pulse width modulator 
controlling a respective onelof the first and second buck 


\ 
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converter circuits, whereby the operation of the buck converter 
circuits is interleaved; 


a feedback circu 
output ; 

a voltage contr 


it responsive to a voltage across the common 


1 


1 circuit controlling the first and second 
pulse width modulator^ responsive to the feedback circuit and a 
commanded output voltage; 

the plurality of Ipulse width modulators and the control 
circuits being in a si|ngle integrated circuit. 


64. (Amended) AIDC to DC converter comprising: 

first and second buck converter circuits operating into a 


common load, each buck converter circuit having an inductor for 

I 

alternately conducting Hetween the first [and second] power 


supply terminal and the tcommon load, [terminals,] and the second 


power supply terminal and the common load; 

is 


first and second pulse width modulators each controlling a 


respective one of the buck converter circuits, the operation of 

I 

the pulse width modulators^ and the buck converter circuits being 
interleaved; 

a feedback circuit responsive to a voltage across the common 

load; 

control circuits responsive to the feedback circuit and a 

\ 

commanded output voltage to control a nominal duty cycle of the 
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16 the plurality of fSulse width modulators and the control 

17 circuits being in a sirrgle integrated circuit. 


n 
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